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Abstract

Background: Clostridioides difficile infection (CDI) is associated with poor outcomes in patients

with inflammatory bowel diseases (IBD).

Objectives: We conducted a nationally representative cohort study to evaluate the impact of
recurrent CDI (rCDI)-related hospitalization on longitudinal unplanned healthcare utilization in

patients with IBD.

Design: This was a retrospective cohort study that utilized the 2017 Nationwide Readmissions

Database (NRD).

Methods: We identified 13,446 patients with IBD, hospitalized at least twice from January

to June 2017 and followed through December 2017; of these, 1,148 had CDI-related
hospitalizations. We compared the annual burden of hospitalization and IBD-related surgery
in IBD patients with rCDI-related admission versus single CDI-related admission (primary
reference), and those with one or more CDI-related admission versus no CDI-related

admission (secondary reference].

Results: There were no significant differences in risk and burden of unplanned healthcare
utilization (time spent in-hospital, 27 days versus 27 days, p=0.62), 6-month readmission (63%
versus 64.3%, p=0.8) or IBD-related surgery in patients with recurrent (two or more)
CDlI-related hospitalizations versus single CDI-related admission. However, patients with

=1 CDl-related admission versus no CDIl admissions experienced higher rate of 6-month
readmission (61.1% versus 55.7%, p<<.001), total days spent in the hospital per year (median:
26 days versus 21days, p<.001), total cost across all hospitalizations per year ($212,524 versus
$184,384, p<0.01), and inpatient mortality (3.28% versus 1.81%, p=0.01), without an increase
in risk of IBD-related surgery (6.7% versus 6.4%, p=0.79).

Conclusion: While patients with IBD hospitalized for CDI have poor longitudinal inpatient
outcomes, recurrent admissions for CDI may not increase risk of adverse outcomes compared

to one-time admission.
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Introduction

Clostridioides difficile infection (CDI) is the most
common cause of diarrhea among hospitalized
patients, and it results in substantial morbidity,

mortality, and cost to the healthcare system.! In
patients with inflammatory bowel diseases (IBD)
including Crohn’s disease and ulcerative colitis,
C. difficile can cause a superimposed infectious
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colitis, or precipitate an IBD flare. Though the
national burden of CDI in the general population
appears to be declining,? the incidence of CDI
among hospitalized IBD patients has been on the
rise.? This association is mediated by a multitude
of factors, including recurrent hospitalizations
and poor nutritional status among patients with
IBD, which can increase risk of C. difficile acquisi-
tion and infection. Uncontrolled IBD, immuno-
suppression and antimicrobial agents use among
the IBD population disrupt the intestinal flora
and increase susceptibility to CDI.4

Compared to hospitalized IBD patients without
CDI, patients with IBD hospitalized with CDI
have inferior outcomes, including significantly
increased in-hospital mortality, increased need for
gastrointestinal surgery, and longer inpatient
stays.>® Relative to CDI, recurrent CDI (rCDI)
incidence in the general population has increased;
potential risk factors for rCDI that have been iden-
tified include older age, female sex, as well as
recent use of antibiotics, corticosteroids, and pro-
ton-pump inhibitors.” Furthermore, patients with
IBD are 33% more likely to experience rCDI com-
pared with the general population; one can infer
that this may be related to increased use of corti-
costeroids and antibiotics among patients with
IBD.8 Although it has been well established that
IBD patients are more likely to have rCDI and
have poor outcomes when hospitalized with CDI,
data on comparative outcomes in IBD patients
hospitalized with rCDI compared to those hospi-
talized with a single episode of CDI are lacking.

Hence, we conducted a retrospective cohort study
to understand the impact of rCDI (versus single
CDI wersus no CDI-related hospitalization) on
unplanned healthcare utilization in hospitalized
patients with IBD. We used the Nationwide
Readmissions Database (NRD) 2017, a longitu-
dinal data set reflective of all-payer hospital read-
missions in the United States, developed under
the Healthcare Cost and Utilization Project
(HCUP), to examine hospitalization-related bur-
den, costs, mortality, risk of readmission and risk
of IBD-related surgery among IBD patients with
zero, one, or multiple hospitalizations for CDI.°
We hypothesized that IBD patients with rCDI
would have poor longitudinal outcomes com-
pared to those hospitalized with single CDI, and
that patients with a single CDI admission would
have inferior outcomes compared to those with
no CDI-related hospitalizations.

Methods

Study design and data source

This is a retrospective cohort study, designed
using the NRD 2017. The database draws from
28 states disbursed geographically across the east-
ern, western and central U.S. regions, represent-
ing 60.0% of the U.S. population and 58.2% of
all U.S. hospitalizations. It captures demographic,
clinical, and nonclinical information on patients
hospitalized in community, public, and academic
medical centers over the course of a single year.
After exclusions for missing or questionable
patient linkage numbers and overlapping inpa-
tient stays, the database accounts for 85% of dis-
charges from the participating U.S. states.!0
Given that the NRD is a publicly accessible data-
base containing de-identified patient information,
this study was deemed exempt from Institutional
Review Board evaluation and approval. The
reporting of this study conforms to the
Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) statement.!!
The STROBE checklist items for cohort studies
are listed in Supplemental Table 1. The overall
study design including cohort selection, exposure
determination, and outcome ascertainment is
summarized in Figure 1(a).

Study population and exposure assessment

Using NRD 2017, we identified patients with
IBD, with at least two hospital admissions between
1 January and 30 June 2017. These patients con-
tributed to follow-up until the end of December
2017 or death. Since prior hospitalization is one of
the strongest risk factors for recurrent hospitaliza-
tion, including only patients with two or more
hospital admissions allowed us to compare longi-
tudinal outcomes in three cohorts of patients:
patients hospitalized two or more times due to
rCDI (exposure), patients hospitalized once with
CDI and a second time for a non-CDI reason
(comparator #1), and patients hospitalized twice
for reasons unrelated to CDI (comparator #2).
The second hospitalization was considered the
index hospitalization, from which longitudinal
outcome assessment was started. Our primary
analysis compared patients with two or more CDI
admissions to those with one CDI admission and
a second non-CDI admission. OQur secondary anal-
ysis compared patients with any CDI admission to
those with no CDI admissions. Analysis groups
are graphically represented in Figure 1(b).
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Figure 1. (a) Graphical representation of cohort study design (created with BioRender.com). Patients were
selected based on exposure status (number of CDI-related hospitalizations from January to June 2017) and
followed through December 2017 for measurement of primary and secondary outcomes of interest. Time-to-
event analyses were performed, examining 6-month risk of readmission and IBD-related surgery from time
of index hospitalization. (b) Graphical representation of primary and secondary analysis groups, based on

Examining the effect of an
CDl-related admission on IBD
patient outcomes

exposure status (number of CDI-related hospitalizations from January to June 2017).
CDlI, Clostridioides difficile infection; IBD, inflammatory bowel disease.
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Patients with any diagnosis of IBD during the
admission, as defined by the ICD-10 codes K50.x
for Crohn’s disease and K51.x for ulcerative coli-
tis, were included in the analysis. We did not
examine patients separately by IBD subtype
(Crohn’s disease, ulcerative colitis or unspecified
IBD type) given inability to phenotype more
deeply based on disease location, and lack of spe-
cific hypotheses where results would differ based
on IBD subtype. Patients were deemed to have a
CDI-related hospitalization if a diagnosis of C.
difficile  infection (ICD-10 code A04.7:
Enterocolitis due to Clostridium difficile) was
among the top five discharge diagnoses codes
(out of 40 possible listed discharge diagnoses
codes). We used International Classification of
Diseases, 10th Revision-Clinical Modification
(ICD-10-CM) to identify patients with IBD and
to identify patients with C. difficile infection listed
in their top five diagnoses.!? Patients were
required to have a minimum of 6 months of fol-
low-up time to be included in the study. We
excluded patients (1) with missing length of hos-
pital stay, (2) who were transferred from another
hospital, and (3) whose first IBD-related hospi-
talization was from 1 July to 31 December 2017.

Patient and hospital characteristics

We examined characteristics for each patient,
including age, sex, primary expected payment
source (Medicare/Medicaid, private insurance,
self-pay, and other insurance types), income
quartile based on household income of patient’s
zip code, index hospitalization length of stay, and
relevant comorbidities to calculate the Charlson
Comorbidity Index (CCI). The included comor-
bidities and coding algorithm used are displayed
in Supplemental Table 2.13:14 For each hospitali-
zation, we captured IBD-related procedures such
as endoscopy, colonoscopy, and flexible sigmoi-
doscopy, as well as IBD-related surgeries (colo-
rectal resection, colostomy, ileostomy, etc.). For
each hospital, we examined hospital location and
teaching status. These baseline characteristics are
summarized for our primary and secondary ana-
lyzes, in Tables 1 and 2, respectively.

Outcomes

The primary outcomes of interest were 6-month
risk of readmission and annualized time spent in
the hospital (total number of days spent in the
hospital in 2017). Secondary outcomes examined

(1) IBD-related surgery during follow-up, (2),
inpatient mortality, and (3) severe hospitalization
(length of stay>7days or need for IBD-related
surgery)!®> during follow-up. We also examined
the time to readmission and time to IBD-related
surgery in the 6 months following the index hospi-
talization. Preventable hospital admissions were
characterized using ICD-10 codes for Prevention
Quality Indicators. These are a set of measures
developed by Agency for Healthcare Research
and Quality that can be used with hospital inpa-
tient discharge data as a screening tool to identify
ambulatory conditions for which high-quality,
community-based outpatient care can potentially
prevent hospitalization, complications, or more
severe disease. The above outcomes were com-
pared between our primary and secondary analy-
sis groups, as outlined in Figure 1(b).

Statistical analysis

We used descriptive statistics to compare patient
demographics, admission characteristics, and hos-
pital characteristics for the index hospitalization
for IBD patients with 0, 1, or =2 hospitalizations
with CDI. All hypothesis testing was performed
with a 2-sided p value<<0.05 indicating signifi-
cance. We compared categorical variables using
Pearson 2 test; Fisher’s Exact test was employed
where appropriate (i.e., where expected cell count
was <5). Continuous variables were compared
using Student ¢ test and ANOVA. Categorical
variables are expressed as percentages and con-
tinuous variables are expressed as median with an
interquartile range. To evaluate the independent
effect of single and rCDI-related admission on
risk of 6-month readmission, we created two sepa-
rate models. The primary comparison examined
whether rCDI-related admission impacts the risk
of 6-month readmission, compared to single CDI-
related admission. The secondary comparison
examined the effect of any CDI-related admission
on risk of 6-month readmission, compared to no
CDlI-related admissions. The same models were
utilized to examine risk of IBD-related surgery (as
defined by the ICD-10 codes included in
Supplemental Table 3) in the 6 months following
index hospitalization. We performed multivariable
Cox proportional hazard analysis using backward
variable selection, adjusting for age, sex, length of
stay at index hospitalization, CCI score, median
household income, hospital urban status, hospital
teaching status, primary payor, and severe IBD
admission, to examine these outcomes. All
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Table 1. Patient, hospital, and hospitalization characteristics of IBD patients with one CDI admission followed by subsequent
non-CDI admission versus IBD patients with two or more CDIl admissions, from January to June 2017.

Characteristics at time of index hospitalization IBD patients with 1st visit CDI-related IBD patients with two or more p value
and 2nd non-CDI-related (n=354) CDI-related admissions (n=280)
Age 50.1(19.8) 53.5 (20.7) 0.04
Age by categories (%)
Age <40 129 (36.4%) 95 (33.9%) 0.0092
Age 40-64 133 (37.6%) 82 (29.3%)
Age > b4 92 (26%) 103 (36.8%)
Female (%) 207 (58.5%) 153 (54.6%) 0.38
Urban (%) 241 (68.1%) 180 (64.3%) 0.36
Primary expected payer (%)
Medicare/Medicaid 206 (58.2%) 167 (59.6%) 0.84
Private insurance 131 (37%) 102 (36.4%)
Others 17 (4.8%) 11 (3.93%)
Median household income
0-25th percentile ($1-$37,999) 92 (26.4%) 55 (19.8%) 0.28
26th-50th percentile ($38,000-$47,999) 91 (26.1%) 80 (28.8%)
51st-75th percentile ($48,000-$63,999) 92 (26.4%) 77 (27.7%)
76th-100th percentile ($64,000 or more) 74 (21.2%) 66 (23.7%)
Teaching status (%)
Metropolitan non-teaching 66 (18.6%) 60 (21.4%) 0.46
Metropolitan teaching 276 (78%) 207 (73.9%)
Non-metropolitan 12 (3.39%) 13 (4.64%)
IBD-related procedures (%) 47 (13.3%) 47 (16.8%) 0.26
IBD-related surgeries (%) 23 (6.5%) 15 (5.36%) 0.67
Deyo-CCl (%)
0 180 (50.8%) 125 (44.6%) 0.07
1 59 (16.7%) 67 (23.9%)
2 or more 115 (32.5%) 88 (31.4%)
Length of stay in days, Median 4 (4) 5 (6) 0.0039
[Interquartile range (1QR]]
Proportion with severe IBD hospitalization 98 (27.7%) 109 (38.9%) 0.0036

[Length of stay (LOS)> 7 days or surgery] (%)
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Table 2. Patient, hospital, and hospitalization characteristics of IBD patients with any CDI admission (one or more] versus IBD
patients with no CDI admissions, from January to June 2017.

Characteristics at time of index
hospitalization

IBD patients with no CDI-related IBD patients with one or more  p Value
hospitalizations among first 2 CDI-related hospitalizations
visits (n=12,298) among first 2 visits (n=1148)

Age 52.4(19.3) 52.5(20.4) 0.87
Age by categories (%]
Age <40 3846 (31.3%) 383 (33.4%) 0.01
Age 40-64 4730 (38.5%) 390 (34%)
Age > 64 3722 (30.3%) 375 (32.7%)
Female (%) 6691 (54.4%) 645 (56.2%) 0.26
Urban (%) 7657 (62.3%) 755 (65.8%) 0.02
Primary expected payer (%)
Medicare/Medicaid 7339 (59.7%) 687 (59.8%) 0.63
Private insurance 4176 (34%) 396 (34.5%)
Others 783 (6.37%) 65 (5.66%)
Median household income
0-25th percentile ($1-$37,999) 3077 (25.3%) 267 (23.6%) 0.57
26th-50th percentile ($38,000-$47,999) 3222 (26.5%) 298 (26.4%)
51st-75th percentile ($48,000-$63,999) 3121 (25.7%) 305 (27%)
76th-100th percentile ($64,000 or more] 2732 (22.5%) 260 (23%)
Teaching status (%)
Metropolitan non-teaching 2705 (22%) 233 (20.3%) 0.08
Metropolitan teaching 8931 (72.6%) 866 (75.4%)
Non-metropolitan 662 (5.38%) 49 (4.27%)
IBD-related procedures (%) 960 (7.81%) 149 (13%) <0.001
IBD-related surgeries (%) 688 (5.59%] 53 (4.62%) 0.19
Deyo-CCl (%)
0 5587 (45.4%) 542 (47.2%) 0.39
1 2377 (19.3%) 224 (19.5%)
2 or more 4334 (35.2%) 382 (33.3%)
Length of stay in days, Median (IQR) 4 (4) 5 (6] <0.001
Proportion with severe IBD hospitalization 3314 (26.9%) 428 (37.3%) <0.001

(LOS > 7days or surgery) (%)
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Table 3. Longitudinal outcomes in IBD patients with one CDI admission followed by subsequent non-CDI admission, versus IBD
patients with two or more CDI admissions, from January to June 2017.

Outcomes during follow up (within 6 months of IBD patients with 1st visit being IBD patients with first2  p Value

index hospitalization) CDI-related and second non- visits being CDI-related
CDI-related (n=354) (n=280)

Readmission (%) 223 (63%) 180 (64.3%) 0.8

Inpatient mortality (%) NRe NRa 0.14

Severe hospitalization (LOS > 7days or need for 78 (35%) 59 (32.8%) 0.72

IBD-related surgery] (%)

Unplanned hospitalization (%) 201 (90.1%]) 164 (91.1%) 0.87

Preventable hospitalization (%) NRe NRe 0.79

IBD-related procedures (%) 19 (8.52%) 19 (10.6%) 0.6

IBD-related surgery (%) NR? NR2 0.89

Annual burden and costs of hospitalization: Total 2 (2] 1(2) 0.89

follow-up time (months), median (IQR)

Annual days spent in the hospital (including 27 (28) 27 (21) 0.62

during index hospitalization), median (IQR])

Annual costs across all hospitalizations (in 223,296 (262,127) 183,786 (231,667) 0.23

dollars), median (IQR)

aDue to <11 events per cell, we cannot report counts per HCUP data use policy.

statistical analyses were performed using R
Statistical Software version 4.1.0 (Foundation for
Statistical Computing, Vienna, Austria).

Results

Of the 17,978,754 discharge records analyzed in
NRD 2017, 40,177 (patients with two or more
hospital admissions) were identified for analysis,
representing 13,446 individual patients with a
diagnosis of IBD and at least two hospitalizations
between January and June of 2017. Of these,
12,298 patients (91.5%) had zero CDI-related
hospitalizations, 1,148 patients (8.5%) had one
or more CDI-related hospitalizations among the
first 2 visits, 354 patients (2.6%) had one CDI-
related hospitalization and a second non-CDI-
related hospitalization, and 280 patients (2.1%)
had two or more CDI-related hospitalizations.

Outcomes in patients with =2 CD|-related
admissions versus one CDI-related admission

We did not observe any significant increase in the
risk of readmission (63% wversus 64.3%, p=0.8),

IBD-related surgery (p=0.89), inpatient mortal-
ity (p=0.14), or risk of severe hospitalization
(35% wversus 32.8%, p=0.72) in patients with two
or more CDI-related admissions compared with
those with only one CDI-related admission in the
defined follow-up period (Table 3). Figure 2
demonstrates survival curves for time to readmis-
sion in patients with =2 CDI-related admissions
versus one CDI admission. Similarly, no signifi-
cant difference in annual burden of hospitaliza-
tion [27 days (28) versus 27 days (21), p=0.62],
or annual cost across all hospitalizations
[8223,296 (262,127) versus $183,786 (231,667),
p=0.23] was observed.

On multivariable analysis, adjusting for age, sex,
length of stay at index hospitalization, CCI score,
median household income, hospital urban status,
hospital teaching status, primary payor, and
severe IBD admission, rCDI-related admission
was not associated with shorter time to readmis-
sion compared with patients with only one CDI-
related admission [hazard ratio (HR), 1.04; 95%
ClI, 0.85, 1.27] (Table 4). We were unable to per-
form multivariate analysis to assess IBD-related
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Figure 2. Kaplan-Meier curve demonstrating 6-month readmission
probability in IBD patients with single versus recurrent C. difficile
(CDI)-related hospitalizations.

surgery risk in patients with rCDI-related admis-
sion versus one CDI-related admission, given too
few events per category.

Outcomes in patients with =1 CD|-related
admissions versus non-CD|-related admissions
Compared to patients with no CDI admissions
among their first hospitalizations, patients with
IBD and =1 CDI hospitalization had a signifi-
cantly higher rate of 6-month readmission (61.1%
versus 55.7%, p<<0.001), unplanned hospitaliza-
tion (90.2% wersus 86.5%, p<0.01), IBD-related
procedures (10% wersus 6.3%, p<<0.001), inpa-
tient mortality (3.3% versus 1.8%, p=0.01), and
rate of severe hospitalizations (34.9% wversus
30.4%, p=0.02). However, no differences were
observed in risk of IBD-related surgery (6.7%
versus 6.4%, p=0.79) (Table 5). Figure 3(a) and
(b) demonstrate survival curves for time to read-
mission and IBD-related surgery in patients with
=1 CDI admissions wversus non-CDI-related
admissions. Patients with IBD with one or more
CDI-related hospitalization also spent more time
in the hospital per year [median (interquartile
range): 26 days (23) versus 21 days (22), p<<0.001]
and had higher annual costs of hospitalizations

[$212,524 (246,538) versus $184,384 (225,090),
»<0.01].

On multivariable analysis, adjusting for age, sex,
length of stay at index hospitalization, CCI score,
median household income, hospital urban status,
hospital teaching status, and primary payor, hav-
ing one or more CDI-related hospitalizations was
associated with a 16% higher risk of readmission
in the 6 months following index hospitalization
[adjusted hazard ratio (aHR), 1.16; 95% confidence
interval (CI), 1.07-1.26] compared with patients
with non-CDI-related admissions (Table 6).
However, having one or more CDI-related hospi-
talization was not associated with an increase in
the risk of IBD-related surgery (Table 7). As
severe IBD hospitalization was strongly predictive
of IBD-related surgery, severe IBD admission
was not included as a covariate in this particular
model.

Discussion

Few studies have examined morbidity and mor-
tality associated with rCDI-related hospitaliza-
tion in patients with IBD. In this study, we
confirmed prior findings that being hospitalized
with CDI was associated with increased inpatient
mortality, IBD-related procedures, and overall
days spent in the hospital for patients with IBD.
Patients with IBD who were hospitalized for CDI
at least once were at significantly, albeit modestly,
higher risk for readmission in the subsequent
6 months compared to those admitted to the hos-
pital for other, non-CDI-related reasons, after
adjusting for important covariates. This supports
our hypothesis and was to be anticipated based
on the existing body of literature that also sup-
ports these findings; Jen ez al. found that patients
with IBD admitted to NHS hospitals in England
with co-existent CDI were at greater risk of in-
hospital mortality and had longer inpatient stays
and gastrointestinal surgery rates compared to
patients admitted for IBD alone. Nguyen ez al.
also found that CDI was associated with increased
length of stay and hospital charges among hospi-
talized IBD patients, compared to that in those
uninfected with C. difficile.>1® However, contrary
to our hypothesis, recurrent hospitalization for
C. difficile was not specifically associated with
worse outcomes compared to patients who expe-
rienced only one CDI-related admission, after
controlling for number of hospitalizations. One
possible explanation for this can be deduced upon
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Table 4. Cox proportional hazard analysis evaluating time-to-readmission within 6 months of index hospitalization, for IBD patients
with single versus recurrent CDI admissions from January to June 2017.

Variable Hazard ratio (95% p Value Proportional hazards
confidence interval) assumption test p value

Single versus recurrent CDI-related admissions in the first  1.042 (0.852, 1.274) 0.692 0.781
6months
Age (per 1-year increase) 0.995 (0.989, 1.001) 0.111 0.155
Sex (male versus female) 1.074 (0.877, 1.316) 0.489 0.509
Length of stay at index hospitalization (per 1-day increase) 1.009 (0.988, 1.03) 0.397 0.375
CClI (reference group: 0) 0.871

1 1.024 (0.774, 1.356) 0.866

2 or more 1.242 (0.944, 1.635) 0.122
Median household income (reference group: 0 to 25th 0.948
percentile ($1-$37,999))

26th-50th percentile ($44,000-$55,999) 1.228(0.927, 1.628) 0.153

51th-75th percentile ($56,000-$73,999) 0.922 (0.688, 1.235) 0.584

76th-100th percentile ($74,000 or more) 1.186 (0.871, 1.615) 0.278
Urban (reference group: Rural) 1.105 (0.879, 1.39) 0.392 0.800
Primary expected payer (reference group: Medicare/ 0.240
Medicaid)

Private insurance 0.862 (0.681, 1.09) 0.215

Others 1.227 (0.761, 1.976) 0.401
Teaching status (reference group: Metropolitan 0.552
non-teaching)

Metropolitan teaching 1.091 (0.843, 1.414) 0.507

Non-metropolitan 1.146 (0.644, 2.042) 0.643
Severe IBD hospitalization (reference group: no severe 1.104 (0.829, 1.47) 0.499 0.132
hospitalization)
Global proportional hazards assumption test 0.909

closer examination of the relationship between
C. difficile and IBD. Studies have reported that
patients with IBD have significantly higher rates
of asymptomatic C. difficile carriage compared to
healthy individuals®!7; moreover, it is challenging
to reliably distinguish true CDI from an IBD flare
given the similarity in symptoms between the
two.418 Thus, it is possible that the hospitaliza-
tions in our study presumed secondary to CDI
recurrence were, in fact, related primarily to an

alternative diagnosis. Because the IBD popula-
tion is so frequently surveilled for CDI and is
more likely to be colonized by C. difficile, these
hospitalizations may have been mistakenly attrib-
uted to CDI due to incidental isolation of C. dif-
ficile on antigen testing. Related to this, our study
defined hospitalization for CDI by a diagnosis of
C. difficile in the top 5 discharge diagnoses; no
distinction was made between a primary or sec-
ondary diagnosis for rCDI. Another study, albeit
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Table 5. Longitudinal outcomes in IBD patients with any CDI admission (one or more) versus IBD patients with no CDI admissions,
from January to June 2017.

Outcomes during follow up (within 6 months IBD patients with no CDI-related IBD patients with one or more p Value

of index hospitalization) hospitalizations among first 2 CDI-related hospitalizations

visits (n=12,298) among first 2 visits (n=1148)
Readmission (%) 6851 (55.7%) 702 (61.1%) <0.001
Inpatient mortality (%) 124 (1.81%) 23 (3.28%) 0.01
Severe hospitalization (LOS > 7 days or need 2084 (30.4%) 245 (34.9%) 0.02
for IBD-related surgery] (%)
Unplanned hospitalization (%) 5915 (86.5%) 633 (90.2%) 0.007
Preventable hospitalization (%) 365 (5.33%) 21 (3%]) 0.01
IBD-related procedures (%) 429 (6.26%) 70 (9.97%) <0.001
IBD-related surgery (%) 436 (6.36%) 47 (6.7%) 0.79
Annual burden and costs of hospitalization: 1(2) 2(2) 0.78
Total follow-up time (months), median (IQR)
Annual days spent in the hospital (including 21 (22) 26 (23) <0.001
during index hospitalization), median (IQR)
Annual costs across all hospitalizations (in 184,384 (225,090) 212,524 (246,538) 0.0049

dollars), median (IQR)

IQR, Interquartile range; LOS, Length of stay.

(a) CDI Visits (0 vs. 1+) on 6-month Readmission (b) CDI Visits (0 vs. 1+) on 6-month IBD-Related Surgery Risk

101 1.00
> 0.81
s Z 099
: 3
g 3
s 2
: 8
g 0.6 “;:_
L $ 0.98
s E]
g a
(-4

0.4

e O 0.97 ?+
1+ —
021 p=0.00015 p=0.99
0 50 150 ) % o

100 100
Days After Index Date Days After Index Date

Figure 3. (a) Kaplan-Meier curve demonstrating 6-month readmission probability in IBD patients with

zero versus one or more C. difficile (CDI)-related hospitalizations. (b] Kaplan-Meier curve demonstrating
6-month IBD-related surgery probability in IBD patients with zero versus one or more C. difficile (CDI)-related
hospitalizations.

in a non-IBD patient population, did make this with a secondary diagnosis of rCDI was largely
distinction with regard to rCDI and found that an driven by alternative primary admission diagno-
increase in mortality observed among patients ses (e.g., sepsis). When primary and secondary
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Table 6. Cox proportional hazard analysis evaluating time-to-readmission within 6 months of index hospitalization, for IBD patients
with no CDI admissions versus those with one or more CDI admissions from January to June 2017.

Variable Hazard ratio (95% Cl) p Value Proportional hazards
assumption test p value

Zero versus one or more CDI-related admissions in the 1.16 (1.072, 1.255) <0.001 0.878
first 6months
Age (per 1-year increase) 0.994 (0.992, 0.995) <0.001 0.006
Sex (male versus female) 1.018 (0.973, 1.066) 0.441 0.033
Length of stay at index hospitalization (per 1-day increase)  1.007 (1.003, 1.012) 0.002 <0.001
CCl (reference group: 0) 0.27

1 1.127 (1.056, 1.202) <0.001

2 or more 1.367 (1.288, 1.452) <0.001
Median household income (reference group: 0.048
0 to 25th percentile ($1-$37,999))

26th-50th percentile ($44,000-$55,999) 0.986 (0.926, 1.049) 0.654

51th-75th percentile ($56,000-$73,999) 0.918 (0.861, 0.979) 0.0096

76th-100th percentile ($74,000 or more) 0.923(0.861, 0.99) 0.0024
Urban (reference group: Rural) 1.042 (0.989, 1.097) 0.121 0.36
Primary expected payer (reference group: 0.753
Medicare/Medicaid)

Private insurance 0.743 (0.702, 0.785) <0.001

Others 0.964 (0.876, 1.062) 0.462
Teaching status (reference group: Metropolitan 0.131
non-teaching)

Metropolitan teaching 1.04(0.983, 1.101) 0.169

Non-metropolitan 0.846 (0.75, 0.953) 0.006
Severe IBD hospitalization (reference group: no severe 1.023 (0.958, 1.093) 0.492 0.003
hospitalization)
Global proportional hazards assumption test <0.001

diagnoses for rCDI were examined separately, no
significant difference in mortality was seen
between patients with single versus recurrent pri-
mary CDI-related hospitalization.!® Another pos-
sibility, in theory, is that initial alterations to the
gut microbiome caused by CDI in patients with
IBD are more deleterious compared to subse-
quent alterations introduced by rCDI, resulting
in no significant increase in risk of adverse out-
comes with recurrent infection. There are some

data to suggest that IBD patients who go on to
develop rCDI possess a distinct microbial com-
munity structure compared to non-rCDI
patients2%; however, more research is needed to
determine to what extent microbiome changes
drive long-term outcomes, and what effect these
changes have on illness severity.

The strengths of our study include (1) innovative
use of a nationally representative database with
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Table 7. Cox proportional hazard analysis evaluating risk of IBD-related surgery within 6 months of index hospitalization, for IBD
patients with no CDI admissions versus those with one or more CDI admissions from January to June 2017.

Variable Hazard ratio (95% Cl) p Value Proportional hazards
assumption test p value

Zero versus one or more CDI-related admissions in the first  0.871 (0.599, 1.266) 0.468 0.473
6 months
Age (per 1-year increase) 0.994 (0.987, 1.001) 0.083 0.025
Sex (male versus female) 0.891(0.722, 1.098) 0.278 0.77
Length of stay at index hospitalization (per 1-day increase)  1.058 (1.051, 1.065) <0.001 0.318
CClI (reference group: 0) 0.722

1 0.732 (0.547, 0.98) 0.036

2 or more 0.446 (0.328, 0.605) <0.001
Median household income (reference group: 0 to 25th 0.855
percentile ($1-$37,999))

26th-50th percentile ($44,000-$55,999) 0.807 (0.595, 1.095) 0.168

51th-75th percentile ($56,000-$73,999) 0.892 (0.664, 1.198) 0.446

76th-100th percentile ($74,000 or more) 0.959 (0.706, 1.304) 0.79
Urban (reference group: Rural] 1.031 (0.816, 1.303) 0.797 0.015
Primary expected payer (reference group: Medicare/ 0.599
Medicaid)

Private insurance 1.664 (1.314, 2.107) <0.001

Others 0.94 (0.571, 1.549) 0.809
Teaching status (reference group: Metropolitan 0.003
non-teaching)

Metropolitan teaching 1.585 (1.171, 2.145) 0.003

Non-metropolitan 0.657 (0.294, 1.468) 0.305
Global proportional hazards assumption test 0.038

high generalizability, designed specifically for the
study of readmission risk and hospital-related
outcomes, (2) code-based classification and inter-
pretation of rCDI-related hospitalizations to
allow for independent assessment of outcomes in
the setting of C. difficile recurrence, (3) thorough
evaluation of multiple adverse health outcomes
around unplanned healthcare utilization, with
adjustment for important confounding variables,
and (4) mitigation of bias by using a control group
consisting of IBD patients hospitalized at least
twice in 2017 for non-CDI-related reasons, in
order to better distinguish differences in outcomes

related to CDI hospitalization wversus re-hospitali-
zation for alternative reasons.

Our study has a few key limitations to consider.
First, the analysis was based on administrative
codes, which are subject to misclassification of
IBD and of CDI, as well as human error. Second,
for admissions coded to reflect a diagnosis of
CDI, there is no distinction made between
acquired CDI or a history of CDI; sometimes, a
diagnosis of CDI is carried forward to a subse-
quent hospitalization as there is no diagnosis code
available for a history of C. difficile. Though it is

journals.sagepub.com/home/tag


https://journals.sagepub.com/home/tag

PG Venkat, NH Nguyen et al.

possible to perform further sub-coding to help
identify rCDI, this does not provide information
on timing, frequency, or severity of recurrences;
as such, we instead opted to utilize the parent
ICD-10 code for CDI and focus on hospitalized
CDI as a measure of recurrence. Hospitalizations
were only considered CDI-related if a diagnosis
of C. difficile was among the top 5 discharge diag-
noses; thus, it is possible that some cases of CDI
were missed given the lack of comprehensive
inclusion of all discharge diagnoses. Third, rCDI
is defined by a return of diarrheal symptoms
within 8 weeks of an initial infection, associated
with a positive assay result, with resolution of
symptoms in the interim?2!; however, it is not pos-
sible to determine timing of symptoms in the
NRD, and recurrent hospitalizations for CDI
could thus potentially represent persistent or
incompletely resolved initial CDI. Future studies
may utilize a minimum required time frame
between admissions in an effort to mitigate this.
As discussed above, the challenge of accurately
diagnosing C. difficile and distinguishing true CDI
from IBD flare also poses a limitation to the study
results. Fourth, this study does not capture out-
patient resource utilization or costs, nor take into
consideration other factors impacting risk of CDI
including recent antibiotic use, medication regi-
men, medication adherence, disease duration,
location or presence of complications, markers of
disease severity and activity, or history of/previous
hospitalization for CDI prior to 2017. Finally, the
NRD is inherently limited as it only captures
admissions within state boundaries, does not cap-
ture out-of-hospital mortality, and limits our abil-
ity to longitudinally track patient outcomes to a
one-year follow-up period.

In summary, we observed that among patients
with IBD, admission to the hospital specifically
for CDI is associated with higher inpatient mor-
tality, number of days spent in the hospital annu-
ally, risk of unplanned hospitalization, risk of
readmission and risk of IBD-related procedures
compared to those hospitalized for a non-CDI-
related reason. However, being hospitalized again
for C. difficile after an initial CDI-related admis-
sion does not appear to further increase risk of the
outcomes examined in our study population.
This could be in part due to misclassification of
CDI episodes, though more studies are needed
with large enough sample size among IBD
patients with rCDI, in order to examine this more

closely and perform adequately powered stratified
analyzes. Future studies may replicate the meth-
ods employed in this study to further examine this
important clinical question. A larger body of evi-
dence examining the long-term implications of
rCDI hospitalization in IBD patients can inform
how aggressively IBD specialists should pursue
therapies to prevent CDI recurrence, such as fecal
microbiota transplantation, in clinical practice.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Author contribution(s)
Preethi G. Venkat: Data curation; Investigation;
Writing — original draft.

Nghia H. Nguyen: Conceptualization; Data
curation; Formal analysis; Writing — review &
editing.

Jiva Luo: Data curation; Formal analysis;

Weriting — review & editing.

Alexander S. Qian: Data curation; Formal
analysis; Writing — review & editing.

Sahil Khanna: Conceptualization; Investigation;
Weriting — review & editing.

Siddharth Singh: Conceptualization; Funding
acquisition; Investigation; Project administration;
Supervision; Writing — review & editing.

Acknowledgements
None.

Funding

The authors disclosed receipt of the following
financial support for the research, authorship,
and/or publication of this article: Dr. Nguyen is
supported by the National Institute of Diabetes
and Digestive and Kidney Diseases of the National
Institutes of Health under award number
T32DK007202 and T15L.M011271. Dr. Singh is
supported by the National Institute of Diabetes
and Digestive and Kidney Diseases of the National
Institutes of Health under award number
K23DK117058 and RO3DK12963.

journals.sagepub.com/home/tag


https://journals.sagepub.com/home/tag

THERAPEUTIC ADVANCES in

Gastroenterology

Volume 15

Competing interests
Preethi G. Venkat — None to declare

Nghia H. Nguyen — None to declare
Jiyu Luo — None to declare
Alexander S. Qian — None to declare

Sahil Khanna — Research grants from Seres,
Finch, Vedanta, Rebiotix, Pfizer; consulting fees
from Niche, Immuron, ProbioTech, Takeda

Siddharth Singh — Research grants from AbbVie,
Janssen, Pfizer; personal fees from Pfizer for ad
hoc grant review

Availability of data and materials

The NRD is a publicly available database that can
be purchased through the HCUP Central
Distributor. The NRD is available for data years
2010-2019.

ORCID iDs
Sahil Khanna
0002-7619-8338

Siddharth  Singh
0002-2640-7269

https://orcid.org/0000-

https://orcid.org/0000-

Supplemental material
Supplemental material for this article is available
online.

References
1. Tsigrelis C. Recurrent Clostridioides difficile
infection: recognition, management, prevention.
Cleve Clin § Med 2020; 87: 347-359.

2. Guh AY, Mu Y, Winston LG, et al. Trends in
US burden of Clostridioides difficile infection and
outcomes. N Engl ¥ Med 2020; 382: 1320—
1330.

3. Barber GE, Hendler S, Okafor P, er al. Rising
incidence of intestinal infections in inflammatory
bowel disease: a nationwide analysis. Inflamm
Bowel Dis 2018; 24: 1849-1856.

4. Nitzan O, Elias M, Chazan B, et al. Clostridium
difficile and inflammatory bowel disease: role in
pathogenesis and implications in treatment. World
F Gastroenterol 20135 19: 7577-7585.

5. Jen MH, Saxena S, Bottle A, ez al. Increased
health burden associated with Clostridium difficile
diarrhoea in patients with inflammatory bowel

10.

11.

12.

13.

14.

15.

16.

disease. Aliment Pharmacol Ther 2011; 33:
1322-1331.

Zhang T, Lin QY, Fei JX, er al. Clostridium
difficile infection worsen outcome of hospitalized
patients with inflammatory bowel disease. Sci Rep
2016; 6: 29791.

Ma GK, Brensinger CM, Wu Q, et al. Increasing
incidence of multiply recurrent Clostridium difficile
infection in the United States: a cohort study.
Ann Intern Med 2017; 167: 152—-158.

Razik R, Rumman A, Bahreini Z, ez al. Recurrence
of Clostridium difficile infection in patients with
inflammatory bowel disease: the RECIDIVISM
study. Am § Gastroenterol 2016; 111: 1141-1146.

. NRD Overview. Healthcare cost and utilization

project (HCUP). Rockville, MD: Agency for
Healthcare Research and Quality, 2021. https://
www.hcup-us.ahrq.gov/nrdoverview.jsp (accessed
10 November 2021).

Healthcare Cost and Utilization Project (HCUP).
2017 Introduction to the NRD. Rockville, MD:
Agency for Healthcare Research and Quality.
https://www.hcup-us.ahrq.gov/db/nation/nrd/
Introduction_NRD_2010-2017.jsp (accessed 10
November 2021).

von Elm E, Altman DG, Egger M, et al. The
strengthening the reporting of observational
studies in epidemiology (STROBE) statement:
guidelines for reporting observational studies.
Lancet 2007; 370: 1453-1457.

Healthcare Cost and Utilization Project (HCUP).
Clinical Classifications Software (CCS) for ICD-10-
PCS (beta version). Rockville, MD: Agency for
Healthcare Research and Quality, 2019. www.
hcup-us.ahrq.gov/toolssoftware/ccs10/ccs10.jsp
(accessed 10 November 2021).

Quan H, Sundararajan V, Halfon P, ez al. Coding
algorithms for defining comorbidities in ICD-
9-CM and ICD-10 administrative data. Med Care
2005; 43: 1130-1139.

Charlson ME, Pompei P, Ales KL, ez al. A new
method of classifying prognostic comorbidity in
longitudinal studies: development and validation.
F Chronic Dis 1987; 40: 373—-383.

Qian AS, Nguyen NH, Elia ], ez al. Frailty

is independently associated with mortality

and readmission in hospitalized patients with
inflammatory bowel diseases. Clin Gastroenterol
Heparol 20215 19: 2054-2063.

Nguyen GC, Kaplan GG, Harris ML, er al. A
national survey of the prevalence and impact of
Clostridium difficile infection among hospitalized

journals.sagepub.com/home/tag


https://journals.sagepub.com/home/tag
https://orcid.org/0000-0002-7619-8338
https://orcid.org/0000-0002-7619-8338
https://orcid.org/0000-0002-2640-7269
https://orcid.org/0000-0002-2640-7269
https://www.hcup-us.ahrq.gov/nrdoverview.jsp
https://www.hcup-us.ahrq.gov/nrdoverview.jsp
https://www.hcup-us.ahrq.gov/db/nation/nrd/Introduction_NRD_2010-2017.jsp
https://www.hcup-us.ahrq.gov/db/nation/nrd/Introduction_NRD_2010-2017.jsp
www.hcup-us.ahrq.gov/toolssoftware/ccs10/ccs10.jsp
www.hcup-us.ahrq.gov/toolssoftware/ccs10/ccs10.jsp

PG Venkat, NH Nguyen et al.

17.

18.

19.

inflammatory bowel disease patients. Am ¥
Gastroenterol 2008; 103: 1443-1450.

Clayton EM, Rea MC, Shanahan F, ez al. The
vexed relationship between Clostridium difficile

and inflammatory bowel disease: an assessment of
carriage in an outpatient setting among patients
in remission. Am ¥ Gastroenterol 2009; 104:
1162-1169.

Issa M, Vijayapal A, Graham MB, er al. Impact
of Clostridium difficile on inflammatory bowel
disease. Clin Gastroenterol Hepatol 2007; 5:
345-351.

Zilberberg MD, Nathanson BH, Marcella S, er al.
Hospital readmission with Clostridium difficile
infection as a secondary diagnosis is associated

20.

21.

with worsened outcomes and greater revenue
loss relative to principal diagnosis: a retrospective
cohort study. Medicine (United States) 2018; 97:
el2212.

Lee AA, Rao K, Limsrivilai J, ez al. Temporal gut
microbial changes predict recurrent clostridiodes
difficile infection in patients with and without
ulcerative colitis. Inflamm Bowel Dis 2020; 26:
1748-1758.

McDonald LC, Gerding DN, Johnson S, er al.
Clinical practice guidelines for Clostridium difficile
infection in adults and children: 2017 update

by the Infectious Diseases Society of America
(IDSA) and Society for Healthcare Epidemiology
of America (SHEA). Clin Infect Dis 2018; 66:
el—e48.

Visit SAGE journals online
journals.sagepub.com/
home/tag

®SAGE journals

journals.sagepub.com/home/tag


https://journals.sagepub.com/home/tag
https://journals.sagepub.com/home/tag
https://journals.sagepub.com/home/tag

